SUMMARY Long-chain fatty acid absorption in rats with a jejunal lesion similar to that which is found in adult coeliac disease has been studied. Neither changes in the solubility of the fatty acid in the intestinal lumen nor histological abnormalities of the villous epithelium accounted for the malabsorptive state. Evidence was obtained from studies in vivo of a disturbance in the intramucosal esterification of long-chain fatty acid. Assay of the activity of the microsomal enzymes responsible for the conversion of fatty acid to triglyceride revealed that this pathway was defective in the parasitized animals.
Rats which have been injected subcutaneously with larvae of the nematode Nippostrongylus brasiliensis develop a parasitic infestation of the proximal small intestine. The wall of the intestine is congested and dilated and mucosal inflammation is present (Taliaferro and Sarles, 1939) . The villi are shortened and there is lengthening of the crypts Fairbairn, 1962 and 1963) . The similiarity between the mucosal lesion and that of coeliac disease has suggested that the infected rat may serve as a model for the study of the human disorder.
Previous studies in the infected animals have shown that the absorption ofamino acids, monosaccharides, and electrolytes is depressed (Symons, 1960a and b) . We have found that there is a marked impairment in the absorption of long-chain fatty acid which is accompanied by a disturbance of the mucosal enzymes concerned in triglyceride synthesis.
Materials and Methods
C14-carboxyl labelled palmitic, stearic and oleic acids (Radiochemical Centre, Amersham) were purified by thin-layer chromatography; the developing system contained by volume 58 % hexane, 40 % diethyl ether, and 2% glacial acetic acid. Sodium octanoate-1-C"4 was converted to the free acid and purified in the same way. Lowry, Rosebrough, Farr, and Randall (1951) .
The ability of microsomal enzymes to esterify longchain fatty acid was measured in a system containing (I-C"4)-palmitic acid, 500 mg moles dissolved in 5 % bovine albumin; DL-acglycerophosphate, 60 m,u moles;ATP, 30 m,umoles; glutathione, 20 m,u moles; coenzyme A, 1 mu mole; magnesium chloride, 10 m,u moles; potassium fluoride, 20 m,u moles, in 0-5 ml of 0-SM trismaleate buffer, pH 7-0. Microsomal protein (1-2 mg) was added at the start of the incubation. After incubating for 30 min at 25°C the reaction was stopped by the addition of ice-cold, 2: 1 chloroform methanol. After the completion of the lipid extraction the samples were fractionated by thin-layer chromatography and assayed for radioactivity as in the earlier experiments.
Results

EXPERIMENTS in vivo
Stearate absorption was markedly impaired in the nematode-infected rats (Table I) . In experiments with jejunal segments which were prepared six and 10 days after infection absorption was 69% and 26% respectively of that which was found in control rats (p < 0-0025). Washing the lumen with 40 ml of 2-7 ± 0-8
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1-0 ± 0-2 In experiments in vivo with a medium-chain fatty acid each animal received 1 ml of a solution containing 37 ,u moles of (I-C14)-octanoate dissolved in 10% albumin. No difference was noted in the ab-Mechanism offat malabsorption in rats infected with Nippostrongylus brasiliensis sorption of octanoate by the control and infected rats. 32.4 ± 0.2 ja moles (mean ± standard error) was absorbed from the jejunal segments in five control experiments and 29.7 ± 1.0 ja mole in the same number of experiments in infected animals.
EXPERIMENTS WITH JEJUNAL SLICES
The incorporation of (I-C14)-oleic acid into its esters was reduced in jejunal slices from the infested rats (Table III) . Inclusion of the intestinal contents from the infected animals did not affect the esterification of the fatty acid by control slices. The ability of the enzymes in a microsomal preparation of jejunal mucosa to convert (I-C14)-palmitic acid into its fatty acid esters was reduced in the infected rats (Table IV) . The presence of microsomes from the jejunal mucosa of infected rats failed to reduce the esterification of palmitic acid by microsomes from control animals. 'Details of the assay system are provided in the text.
Discussion
The malabsorption in the infected animals could have resulted from physicochemical changes affecting the solubility of the fatty acid in the intestinal lumen or from changes in the absorptive epithelium. The defect in absorption remained when the segments were washed thoroughly with isotonic sodium chloride solution before the instillation of the dose. Thus binding of the fatty acid to cellular debris or to the parasites was not responsible for the disturbance in absorption. Defective micellar solubilization by bile salts would also interfere with the absorption of fatty acid but under the conditions of the experiments sodium taurocholate was present in high concentration. The possibility that a reduction in the absorptive surface was a factor in producing fatty acid malabsorption must also be considered. However, despite the changes in individual villi the increase in the diameter of the jejunum has been shown to compensate for any loss of surface area (Symons and Fairbairn, 1962) . A more likely explanation of the malabsorption of fatty acid is that it was secondary to a biochemical lesion in the jejunal epithelial cells. An increase in the unesterified fatty acid fraction of the mucosal lipids was found in the experiments in vivo and in vitro. The incorporation of fatty acid into its esters was markedly reduced in the experiments with jejunal slices. These experiments suggested that the intramucosal lesion was not due to the effect of a toxin for inclusion of the jejunal contents from infected rats in the incubation medium did not affect fatty acid esterification by control slices. Additional evidence for a defect in esterification was obtained in the experiments with octanoate, a medium-chain fatty acid which, unlike long-chain fatty acids, undergoes minimal esterification during its passage through the intestinal epithelium (Playoust and Isselbacher, 1964) . The finding that octanoate absorption was not depressed in the infected rats may then be regarded as evidence that the malabsorption of long-chain fatty acid was linked with faulty mucosal esterification.
The assay system which was used to measure the activity of the microsomal enzymes provides a measure of the efficiency of the phosphatidic acid pathway, one of two pathways by which intestinal triglyceride synthesis occurs (Senior, 1964) . Fatty acid enters this pathway after preliminary activation, catalysed by a fatty acid-CoA ligase or thiokinase. Two moles of acyl-CoA combine with one mole of DL-ciglycerophosphate to form phosphatidic acid, which is a diglyceride precursor. Triglycerides are then formed from diglycerides by the addition of a further mole of acyl-CoA. Esterification of palmitic acid by this pathway was severely depressed in the infected rats. We have not attempted to identify the enzyme or enzymes which are concerned, nor have we tested the possibility that defective incorporation of triglycerides into chylomicrons also occurs. It is of interest, in view of the similarity in the mucosal lesion, that a reduction in fatty acid-CoA ligase activity has been found in the jejunal mucosa of patients with coeliac disease (Dawson and Isselbacher, 1960 ).
The present findings of deficient microsomal fatty acid esterifying enzymes, as well as previous studies demonstrating a reduction in brush border and mitochondrial enzymes (Symons and Fairbaim, 1962) may reflect mucosal trauma due to the presence of the parasites. However, there is now evidence that there is an increase both in the rate of cell loss from the villous tips and in the rate of migration of crypt cells onto the villus in rats with Nippostrongylus brasiliensis (Symons, 1965; Loehry, Croft, Singh, and Creamer, 1969; Loehry and Creamer, 1969) . Thus the defective enzyme complement may be a reflection of a relative increase in the number of incompletely differentiated epithelial cells in the intestinal villus. On this basis, the malabsorption of fatty acid, and possibly of other nutrients, could be secondary to a defect in the maturation of the intestinal epithelium. A similar conclusion based on electronmicroscopic and histochemical analyses of jejunal epithelium was reached in a study of nontropical sprue (Padykula, Strauss, Ladman, and Gardner, 1967) . 
